Identifying factors influencing the number of times organisms breed during a lifetime and the seasonal timing of reproductive episodes is central to understanding the evolution of life history traits (Stearns 1992) . In this regard, amphibian reproductive cycles are often considered adaptations to the seasonality of oviposition opportunities Goly 1971 , Lofts 1974 , Salthe and Mecham 1974 . This is seen in most north temperate zone amphibians that breed in temp orary aquatic habitats and have annual reproductive cycles (Bishop 1947, Wright and Wright 1949) . These frogs and salamanders typically come into reproductive condition once a year at the same time of year, often in spring as ephemeral habitats predictably fill from snowmelt or winter rains. Where aquatic habitats fill unpredictably or irregularly, such as in dry temperate or tropical regions, amphibians may have acyclical reproductive periods allowing them to breed opportunistically (Salthe and Mecham 1974, van Beurden 1979) . Opportunistic breeding in ephemeral habitats is commonly understood as an adapta_ tion for aVOiding predaceous fish (e.g., Webb 1969 , Heyer et al. 1915 , Wilbur 1977 , Collins and Wilbur 1979 .
Tiger salamanders (Ambystoma tigrinum Green) range across North America and have an obligatory aquatic larval stage (Stebbins 1985) . Like most ambystomatids (Bishop 1947) , the six subspecies of tiger salamanders in western USA (californiense, mavortium, nebulosum, diaboli, melanostictum, stebbinsi [Collins et al. 1980 , Jones et al. 1988 ) all breed in late winter, spring, or even early summer at high elevations. Differences between populations in the timing of the primary breeding period correspond to differences in availability of water in their breeding habitats (Houghton 1916) . Some A. t. mavortium populations breed both in spring and in summer (Webb and Roueche 1971) , and Tanner et al. (1971) documented A. t. nebulosum breeding in spring and summer in a cont inuously filled lake. In this studY:,we report that A. t. nebulosum populatio~s can also breed twice per year in ponds that fill with water during the winter, dry during the late spring and early summer, and refill during summer rains.
Arizona tiger salamanders (A. t. nebulosum) are found commonly at high elevations in montane Colorado and Utah (Stebbins 1985) and in Arizona between 1500 and 2900 m (Collins 1981) . Aquatic habitats discussed in this study are in Rocky Mountain montane conifer forest (Pase and Brown 1982) .
Arizona tiger salamanders breed regularly in late winter and spring following snowmelt (Sexton and Bizer 1978 , Collins and Cheek 1983 , Holomuzki 1986 , Jones and Collins 1992 . During the course of other fieldwork, we realized that a second breeding pattern also occurs. Here, we present observations that led us to conclude that these tiger salamanders can breed "opportunistically," defined as any breeding outside the usual late winter and early spring breeding period.
On 30 March 1990 we noted typical spring oviposition activity when we observed thousands of A. t. nebulosum eggs in Horseshoe Lake (34°22'53/N, 111°14'38/W) on the Mogollon Rim in central Arizona. We visited the lake again on 6 August 1990, before· summer rains began. It was completely dry at this time, and we photographed thousands of desiccated salamander larvae on the lake bed. We presumed this represented elimination of the spring 1990 cohort. We sampled this lake again IDepartment ofZoology, Arizona State University, Tempe, Arizona 85287-1501. on 23 September 1990 after it had refilled following summer rains and noted several hund red small A. t. nebulosum larvae. Live measurements were taken from a sample of larvae on 29 September and compared to measurements taken from projections of two close-up slides of some of the dead spring cohort. We also visited other ponds in this region that had dried and refilled to gauge the extent and suc" cess of this breeding tactic.
Larvae caught in Horseshoe Lake in September were either a second cohort that hatched after summer rains, or animals from the spring cohort that survived the lake drying, presumably by burrowing. Metamorphosed tiger salamanders burrow in soft lake mud (Webb 1969) , but this has not been reported for larvae or branchiate adults.
Dead larvae photographed in August averã ged 51.4 mm total length (SE = 1.20 mm, N == 35), and larvae collected in September averaged 35.8 mm total length (SE = 0.78 mm, N = 96). If animals collected in September survived drying by burrowing, they should have been at least as large as the dead animals observed in August. Animals in September were, however, significantly smaller than those photographed in August (t :::::: 10.53, P <.0001). This is a conservative test since anim als photographed in August were dried and therefore smaller than at death. . We do not consider summer breeding to be the primary breeding event for this population. Because we observed several thousand eggs in March, we conclude that there was a normal spring breeding. Typical larval densities (estimated by drop-box and seining through a measured volume of water) in this part of Arizona in June are 2-75 salamanders m--3 (Pfennig et al' 1991) . The low density of larvae we estimated in September, 0.3 salamanders m-3 , supports the conclusion that there was a second reproductive episode in which a small number of animals bred opportunistically in Horseshoe Lake during 1990.
Adult salamanders breeding in Horseshoe Lake in late summer 1990 were taking advantage of a newly filled habitat. At least some larvae in this second 1990 cohort overwintered successfully (M. Loeb personal observation, 4 May 1991). In 1990, Charco Tank (34°07'50"N, 11OC07'32"W) in the White Mountains dried following drought conditions that also dried Horseshoe Lake. In spring 1991 we collected larvae several centimeters larger than recently hatched salamanders in this tank, suggesting salamanders produced a second cohort in this tank following rains in summer 1990. Cottonwood Tank (34°08'43 Breeding at all other ponds in this area was completed by late March in 1992 and 1993. Johnnie Tank dried in early spring 1992 and then refilled in late May after early monsoon rains. Hatchlings produced by opportunistic breeding following this refilling were all killed when the tank dried again in late June. Because the May oviposition does not overlap the usual breeding season in this area, we con" sider this to be opportunistic breeding.
Other evidence suggests that summer breeding is exhibited regularly in this subspecies. Metamorphosed females with yolked follicles were recorded in Arizona by Durham (1956) on 18 July on the Kaibab Plateau and by J.
Collins (unpublished observation) on 11 July 1980 in the White Mountains. Tanner et al. (1971) reported sizes of A. t. nebulosum larvae in Salamander Lake, a permanent lake in Utah. While following growth of larvae throughout July and August, they recorded a small size class beginning in late July, which they interpreted as evidence of a second breeding. A pattern of spring and fall breeding in permanent ponds with unpred ictability in seasonal rainfall is also reported for Triturus alpestris apuanus in Italy (Andreone and Dore 1992) . Despite the fact that we regularly visit a few dozen continuously filled ponds in Arizona, we have never observed a second breeding in one. Our observations, consistent with the hypothesis outlined below, emphasize that the natural history we are describing for A. t. nebulosum in Arizona differs importantly from that reported in Utah. Webb (1969) argued that an irregular breeding pattern is among the traits that adapt A. t. mavortium for life in the Chihuahuan Desert in southern New Mexico; i.e., this subspecies reproduces whenever water fills the [Volume 54 ephemeral ponds in which it commonly breeds. A. t. mavortium breeds every year in ponds that fill in winter or spring, but may also breed after summer rains. Om data suggest A. t. nebulosum in Arizona has evolved a similar life history tactic. In general, breeding occurs follOwing snowmelt at high elevations, but there are some conditions under which individuals will breed opportunistically following summer rains.
An amphibian larva from a spring cohort is not guaranteed sufficient time to complete development to metamorphosis in any aquatic habitat that can dry unpredictably. This is an explanation for iteroparity in most ambystomatids using temporary or "most nearly permanent" ponds (Wilbur 1977) . It might be adapt ive, however, for adults to take advantage of ponds whenever they refill. In contrast, lateseason breeding in permanent aquatic habitats is generally not advantageous since these habitats may harbor older larvae or fish that can prey on embryos and hatchlings (Burger 1950 , Reese 1968 , Webb and Roueche 1971 ; but see Dodson and Dodson 1971 and Collins and Holomuzki 1984) . Breeding after a habitat refills would be advantageous as the drying would eliminate fish or older larvae. A second advantage of breeding opportunistically arises since metamorphosis is only possible after a minimum size is achieved (Wilbur and Collins 1973) , and in temporary ponds like those we report here, this size may not be attained before the pond dries; however, larvae from summer cohorts that successfully overwinter will have a growth advantage over larvae from spring clutches.
A closer examination of the life histories of other subspecies of tiger salamanders found in the arid and semiarid western USA might reveal that regular breeding in late winter and spring, with opportunistic breeding in summer, also occurs in these subspecies.
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